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Introduction
The introduction of developments resulting from new technology and their impact on the management of diabetes has been adopted less rapidly than in other specialties, such as cardiology or neurology. Apart from the suspicion that we diabetologists are especially technophobic, 1 one can speculate that technology has yet to offer us a clear positive balance between pros and cons. An example would be the interpretation of electrocardiogram versus continuous glucose monitoring (CGM): while cardiologists receive a diagnosis of what is wrong (e.g., left ventricular hypertrophy), we receive a statistical analysis (e.g., 73% of fasting glucose values above objective). From this information, we know that we have a problem, but no help is given in finding a solution.
According to recent advances in communication technology, offering patients the use of a personal wireless system that integrates and synchronizes information from different devices and that communicates remotely with the medical center is almost a reality. Before introducing such a system that could be condemned to the "clinical assay world" instead of being used by a majority of patients in real life, it would be of interest to learn from past, not entirely successful results of its different components.
Clinical Evidence on Efficacy and Reasons for Continuous Glucose Monitoring Underuse
The results of the different studies on real-time continuous glucose monitoring (RT-CGM) effects on glycemic control in type 1 diabetes are controversial, but overall, we can affirm that RT-CGM has a beneficial effect on glucose control. [2] [3] [4] [5] [6] [7] But why did the first studies obtain negative results and the latest ones show a significant benefit? The answer could be that sensors have improved and are more user-friendly, but the main reason seems to be that researchers have learned what kind of patient should be included to obtain good results. In the beginning, RT-CGM appeared to be the solution for patients with very poor glycemic control despite being treated intensively, but we know now that patients who improve with RT-CGM are often those who are suboptimally controlled, feel very motivated, perform many blood glucose readings per day, and have a high level of diabetes education. One common conclusion is that patients should use CGM more than 70% of the time in order to obtain a clear benefit. However, there may be another interpretation; only the particular group of patients who are able to wear a CGM system more than 70% of the time can take full advantage from using this kind of system.
The current situation is that when, at last, after some initial failures, 3, 7 we have enough evidence regarding the impact of CGM on type 1 diabetes optimization, 4 and even in those countries in which the cost of CGM is partially or totally reimbursed by local health care systems, the percentage of patients using CGM on a regular basis is rather low. So why do patients, who are otherwise accustomed to wearing chronically semi-invasive devices, not want to use CGM on a regular basis? Apart from some general reasons such as discomfort, high cost, and low reliability, 8 the main cause is probably related to the primary reason for undergoing CGM, which is to allow patients to make better decisions. This aim, however, is something that seems to have been forgotten by manufacturers. At this point, the crude data displayed and the considerable amount of information generated is often useless if not confusing: discrepancies, glucose jumps after calibration, and, in other cases, correct information arrives too late to be of use for insulin or diet modification. Thus it seems crucial to include tools for data processing and interpretation that give patients predicted future glucose values and guarantee, as far as possible, that the system is working properly. At the same time, real-time information about the degree of uncertainty-something like a variable obtained from information such as the sensor's useful lifetime, time from the last calibration, noise from the crude signal, or median absolute relative difference of the previous recordings-can encourage patients to rely on CGM data without significantly increasing the number of blood glucose analyses.
Clinical Evidence on Efficacy and Reasons for Telemedicine Underuse
A number of interesting telemedicine (TM) applications have been developed for diabetes, a condition that, a priori, could benefit greatly from remote supervision and teleconsulting, among other properties of TM. Some systematic reviews and meta-analyses have been published that examine the impact of TM on diabetes care, 9, 10 all of which include a large number of publications-over 500. However, few of those publications were finally evaluable. These results did not derive from excessively strict inclusion criteria but from the difficult task of evaluating the impact of TM following standard scientific methodology. The main conclusion drawn from the few evaluable studies seems to be that TM has but a minor benefit, if any, for glycemic control.
First experiences in TM applied to diabetes management go back to the 1980s. One of the first was the DIACRONO project, carried out by the Bioengineering and Telemedicine Group in Madrid. 11 They designed a microcomputer that allowed data interchange between doctor and patient. The next system developed by this group was called DIABTel 12 and included a function of glucose data download from the glucometer, with subsequent versions that bring us to the present. Other TM experiences took further steps toward the model most of us recognize; the following ones are good examples: the TIDDM project, 13 using Internet and including a smart analysis for insulin dose counseling; the Computer-Assisted Meal-Related Insulin Therapy project, 14 one of the first to demonstrate a significant change in hemoglobin A1c; the Multiaccess Services for Diabetes Management project, allowing "multi-access" from many different devices; the Informatics for Diabetes Education and Telemedicine study, 15 which included more than 2000 patients in two cohorts from socially underserved areas of New York, obtaining a reduction in hemoglobin A1c; and finally the Intelligent Control Assistant for Diabetes project, 16 integrating, for the first time, CGM into a smart TM platform with positive results in terms of hemoglobin A1c and glucose variability. 6 In general, new advances produced in communications technology have been incorporated progressively into different prototypes (Internet, email, video conferencing, mobile communications) but always with the restriction derived from the lack of interoperability. This fact is, without a doubt, one of the main obstacles to full TM implementation. Biomedical engineering and pharmaceutical companies still design and produce information technology devices and software tools that are not interoperable, thus seriously limiting the application of technological advances to diabetes management. As an example of this absurd situation, we should remember at this point that the most relevant publication on closed loop is based on manually administered insulin. 17 It is plausible that the time interval chosen for algorithm decision on insulin administration, in this case 15 minutes, is due to the lack of communication between devices, and a higher bolus frequency may well have obtained even better results. In summary, lack of interoperability together with the need for smart tools for data analysis, an issue discussed in the next section, are probably the principal factors that make TM use by diabetologists almost negligible.
Smart Telemedicine for Supporting Continuous Glucose Monitoring
With the introduction of glucose monitoring, we are now managing a huge amount of data. Patients and doctors have to analyze these data and extract the information most relevant to identifying glucose patterns, repetitive errors, and risky situations. It would be extremely helpful for us to have tools that we can count on to facilitate interpretation, a kind of "predigestion," preprocessing of the data. Artificial intelligence should be applied here in order to obtain not only a statistical analysis, but also a diagnosis of what is wrong and a therapeutic proposal that can help patients and doctors to make better decisions. The application of artificial intelligence to decision support corresponds to TM's "missing element," as defined by Klonoff and True. 18 In fact, several advisory systems for therapy planning based on blood glucose values have been described since 1990, among them, patient simulators, 19 probabilistic network, 20 case-based reasoning, 13 bolus calculators, 21 automatic monitoring data process, 22-25 and prediction. 26 The Next Scenario: The Global Agent for Diabetes Care Advances in current technology allow us to foresee the creation of a complex framework to assist patients and health caregivers, comprising the different agents that have been developed into a personal loop for the patient and a remote loop for communication with the medical team, a concept that was defined years ago. 27, 28 This "global agent for diabetes care" would be based on wireless communication of first-tier devices (biological variables monitors, hormone infusers) with a smart assistant equipped with dual-mode low energy Bluetooth, 29 which communicates remotely with the diabetes center. Its structure would be defined as a three-layer approach (Figure 1) :
First tier-The patient wears systems for biological variables monitoring (glucose, heart rate, physical activity) and infusion systems (insulin, glucagon), preferably as a disposable patch.
Second tier-Made up of the smart assistant, with three main functions: decision support; short-term risk analysis (glucose results and detection of anomalous function); and, finally, control algorithms.
Third tier-Corresponds to the remote loop and provides long-term risk analysis, decision support tools, and data integration into the electronic health record (EHR), and finally, the system should allow data aggregation for population-based analysis for quality of care assessment. To date, CGM and pump software has been designed for one-only user without taking into account that being able to aggregate data from different patients would mean clinical researchers could reach clearer conclusions and clinicians would have new markers for evaluating quality of care. In my opinion, this platform should communicate with primary health care centers in order to share some selected data from the EHR and even be useful in continuing education.
Once again, interoperability is an essential condition for the development of this scenario, which has been
